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| ntroduction: Halo Nuclel

Exotic nuclel with very peculiar guantum structure:

o Light, very n-rich nuclel
o Characterised by a very large matter radius
o Exhibit a low separation energy of 1 or 2 neutrons

= strongly system:
neutrons tunnel far from the core and form a halo

Examples:

Nucleus S,, Or S,
HBe = YBe 4+ n | 0.504 MeV

ULi= %Li+ 2n | 0.300 MeV |




Breakup reaction

| Halo nuclel are short-lived =- studied In indirect ways
Breakup = of core + halo structure

by Interaction with a target

= Need accurate theoretical description of breakup
coupled to realistic model of projectile

Various breakup models exist: CDCC, DEA, eikonal,
perturbation theory,...

» Elaborate models (CDCC, DEA) are expensive
= limited in projectile description (two body)

» Simpler models (eikonal, pert.) limited application

= Seek to Improve eikonal to go to three body |



Framewor k

(/) modelled as a two-body system:
core (c)+loosely bound nucleon (/) described by

Hy =1, + ch(r) r f
‘/;f adjusted tO reproduce . ..................................................... A
bound states and b

Target 7" seen as - f
structureless particle =~z T

P-T interaction simulated by optical potentials
= breakup reduces to three-body scattering problem:

[TR + Ho+ V.p + VfT] \IJ(R, ’I") — ET\IJ(R, ’I") |



Eikonal model (1)

Three-body scattering problem
[TR + Hoy+ V.p + VfT] \IJ(T‘, R) — ET\I/(’I“, R)
with condition U (r, R) — e'*2d(r)

/——00

To remove the rapid variation in R we factorise
U(r,R) =¥ (r, R):

. 1
HY = GZKZ[TR+UPZ—|—§,UPT?}2

S

+ (Ho 4+ Vor + VfT)]\If

Neglecting T’ Vs Pz and using Ep =

Lprv? + Ep
0 ~ ~ |
ihva—Z\IJ(’r, b, Z) — [HO — E() —+ %T + VfT]\Ij(’r7 b, Z)



Eikonal modéd (2)

0 ~ ~
z’hva—Z\If(r, b,7)=Hy— Ey+ Ver + Vir|V(r,b, 2)

This 1s the Dynamical Eikonal Approximation
[Baye, P. C., Goldstein, PRL 95, 082502 (2005)]

Usual eikonal makes adiabatic approx. Hy — Ey ~ 0
= neglects dynamical effects

\Tfeik(r, b,/ — x) = GiX(r’b)q)o(r)a
1 0
X(r,b) = —— dZ \Ver(r,b,2) + Vir(r,b, 2))

hv |

DEA improves eikonal including dynamical effects

BUT DEA Is expensive
eikonal cannot handle Coulomb interaction
= can we correct Coulomb In eitkonal?



Coulomb Corrected Eikonal

The eikonal Coulomb phase reads

1 [ Z.Zre’ 1
xo(r,b) = — RZ dZ o ;

= e =1+ iyc — 3x% + ... diverges when [ db

Idea: replace y¢ by xro from perturbation theory
[Margueron, Bonaccorso, and Brink, NPA 720, 337 (2003)]

—— €
hv — 00 RcT
with correct asymptotics. The correction then reads

eX = XN (eixc —1xc + iXFO)
We compare CCE with DEA on ''Be breakup

dZ x e .

XFO(rv b) —



HBe breakup on Pb @ 69AM eV
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o Good agreement between CCE and DEA at all b
o Eikonal ok at small b ( ) but o< 1/b at large b
o FO good asymptotic (Coulomb), but no nuclear

= CCE combines advantages of eikonal and FO |



Energy distribution
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o Excellent agreement between CCE and DEA
» Eikonal needs cutoff at large b; wrong shape

o FO needs cutoff at small b; lacks
= Confirms the validity of the Coulomb correction



Momentum distribution
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o Excellent agreement between CCE and DEA
In particular (dynamical effects)

» Eikonal too high and symmetric

o FO too low and symmetric
= Coulomb correction restores dynamical effects



Conclusions and Per spectives

Coulomb Corrected Eikonal is a reaction model
based on eikonal model
with a First-Order correction for Coulomb interaction

o CCE corrects the wrong of eikonal
Coulomb phase
CCE introduces Interaction in FO

CCE In excellent agreement with DEA
CCE 100 times faster than DEA

= CCE to study breakup more complex projectiles
(2n halo (*'Li), better descriptions,...)

9
o CCE restores missing
9
9o



|ncluding data points
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Data from N. Fukuda et al. PRC 70, 054606 (2004)
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Cross sections
We define breakup amplitudes

Skim(b) = <¢/~czm X" (eixc —ix" + ”iXFO) ‘ ¢o>

The energy distribution reads

dO_bu 4:ucf / 92
— bdb| Sk, (b
dE Rk )3 ; [Siim (D)l

2

doy.. o oo g
_ b [ Y0, 0)Su (b |
dk) 87To mz;;l(’“)“()
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